walk painlessly postoperatively (average, 19.7 months). Functional results (Laasonen's criteria) were excellent or good in 92.5%. Factors associated with better functional results were lower age (p = .0227), greater Böhler angle at the time of injury (p < .0001), lower Sanders' grade (p = .0497), increased height of fractured regions (p = .0249), better reduction of the posterior facet (p = .0126), and better reduction of the calcaneocuboid joint (p = .0023). Only the latter two were found to be surgical prognostic factors.
INTRODUCTION
Displaced intra-articular calcaneal fractures remain a diagnostic and therapeutic dilemma. The results achieved with both operative and nonoperative treatments remain unpredictable. Parmar et al. found no significant differences in the treatment outcomes between operative and nonoperative treatment. 23 Buckley and Meek found that in surgically treated calcaneal fractures, the overall clinical results were better in those with anatomic reduction of the subtalar joint. 3 Does the key to the difference in their findings lie in the quality of the anatomic reduction?
The authors (TK, YJ, TS) performed open reduction for displaced intra-articular calcaneal fractures over a 20-year period, using a lateral approach to perform open reduction and internal fixation. 12 -15,29 -31 The authors' previous studies found good and excellent results in 72. 2 -90 .5% of the cases, and the reduction of the posterior facet was found to be positively associated with the late functional results. 12,14,15,29 -31 Few studies have published prognostic factors of such fractures using computed tomography (CT). 23, 28 In the present study, prognostic factors that influence the late functional results of open reduction for intraarticular calcaneal fractures were evaluated using plain radiographs and CT images.
MATERIALS AND METHODS

Materials
Since 1997, when the prospective calcaneal fracture study began, CT images were obtained initially and after removal of the implants. Implants were routinely removed, with some being symptomatic. In the current study, 67 consecutive patients with unilateral intraarticular calcaneal fractures were treated between 1997 and 2002. Plain radiographs and CT images that were available for analysis and comparison with the late functional outcomes were reviewed. There were 58 men and nine women from 18 to 72 years old at time of fracture (mean, 50.4 years). The causes of fracture were falling from a height in 66 patients, and falling down in one patient. There were three cases of open fractures, of which one was complicated by ipsilateral lower extremity fracture, and by other fractures in seven other cases. The interval between injury and the operation ranged from 0 to 8 days (mean, 2.4 days). The period from the initial surgery to the removal of implants ranged from 4 to 22 months (mean, 10.0 months). The follow-up period ranged from 6 to 59 months (mean, 19.7 months).
Surgical Procedure
The calcaneus was approached through a lateral incision (approximately 5.0 cm) from a point just distal to the fibular tip to the calcaneocuboid joint. After correction of the varus and shortening deformities, the depressed posterior facet fragment was rotated outward from the body of the calcaneus. Lateral bulge was corrected, and the posterior facet was fixed using cancellous screws (4.0 mm). In cases of severe lateral wall comminution and incomplete fixation of screws, additional fixation was performed using 2.7-mm one-fourth tubular plates or 2.7-mm L-or T-plates. Ten patients (14.9 %) received plate fixation. Bone grafting was not done.
Postoperative Treatment
Gentle, assisted active motion was started after the 2nd postoperative day. Partial weightbearing was started from 6 weeks after surgery and full weightbearing was allowed from 9 weeks after surgery.
Method of Evaluation Plain Radiographs
Böhler's angle 2 from lateral view and Preiss' angle (the angle between the lateral wall and the line from the medial tip of sustentaculum tali to the medial process of the calcaneal tuberosity) from the axial view were measured using four conventional directional plain radiographs (lateral view, axial view, Anthonsen's view, 1 anterior-posterior view of hindfoot) 13 obtained before and immediately after surgery, before removal of the implants, and at the time of final follow-up.
CT
Horizontal and coronal CT images (2.0-mm widths at 2.0-mm intervals) were taken before surgery and after removal of the implants. The horizontal images were taken parallel to the foot sole and coronal images were taken at an angle of 60 • to the horizontal plane so as to be vertical to the posterior facet. CT images were scanned on a Macintosh computer and measured by Photoshop 5.5 software (Adobe Systems Incorporated, San Jose, CA). The deformity of the calcaneus was evaluated by comparing the height, width, and length of the affected bone with that of the contralateral side. The highest region on coronal images, in which the posterior facet was visualized, was taken as the height of the fracture (Fig. 1 ). The widest region on coronal images, in which the posterior facet was visualized, excluding the lower tuberous region, was taken as the width of the fracture (Fig. 2 ). The longest region on horizontal images, in which the calcaneocuboid joint was visualized, was taken as the length of the fracture (Fig. 3 ).
Based on CT images taken before surgery, fractures exhibiting discontinuation and 5.0 mm or more of displacement of the medial wall were classified as positive for medial wall displacement ( Fig. 4A ). Fractures exhibiting multiple fragmentation of the lateral wall were classified as positive for lateral wall comminution ( Fig. 4B ). Horizontal images ( Fig. 4C ) were used to determine the presence or absence of calcaneocuboid joint fracture.
After removal of the implants, the authors classified the reduction of the posterior facet using coronal CT images. 12, 14, 15 It was classified into four grades according to presence or absence or a combination of the extent of step, defect, and angulation of the articular surface (Table 1A) . Excellent was defined as fractures without step, defect, and angular deformity. Good was defined as having <1.0-mm step of the articular surface, or <5.0-mm defect of the articular surface, or <5.0 • angulation of the articular surface. Fair was defined as a step 1.0 mm to <3.0 mm, or a defect 5.0 mm to <10.0 mm, or angulation 5.0 • to <15.0 • . Poor was defined as a step ≥3.0 mm, or a defect ≥10.0 mm, or angulation ≥15.0 • (Fig. 5) .
The reduction of the medial and lateral walls was classified into three grades 14, 15 (Table 1B) . Good was defined as bulging <3.0 mm or angulation <10.0 • . Fair was defined as bulging 3.0 mm to <5.0 mm or angulation 10.0 • to <20.0 • . Poor was defined as bulging ≥5.0 mm or angulation ≥20.0 • (Figs. 6 and 7) .
The reduction of the calcaneocuboid joint was classified into three grades 14, 15 (Table 1C ). Good was defined as fractures without step, defect, and angular (Fig. 8 ).
Functional Results
Functional results were evaluated according to Laasonen's criteria 16 based on subtalar movement, pain, and working disability ( Table 2) . One author (TK) examined each patient for joint mobility in the subtalar joint, foot pain, and working ability. 
Statistical Analysis
Significance of nominal variables was evaluated using Mann-Whitney test and Kruskal-Wallis test. The significance of continuous variables was analyzed using Spearman's correlation coefficients. A p value of <.05 was considered significant. These statistical tests were performed with Stat View 5.0 software (Abacus Concepts, Berkeley, CA) on a Macintosh computer.
RESULTS
Clinical Results
None of the patients developed infection or skin trouble immediately after the surgery. There were 25 patients (37.3%) who complained of mild discomfort in the peroneal tendon or forefoot, or minor symptoms related to sural or posterior tibial nerve irritation at the final follow-up. Fifty-nine patients (88.1%) could walk with full weightbearing from 9 weeks after the surgery. At the time of last follow-up, six patients (9.0%) complained of pain on walking. Fifty-six of 67 patients had done heavy labor, and five of 56 patients (8.9%) had to change their work. Follow-up scores for pain and functional outcomes according to the Laasonen's criteria ranged from 0 to 7 (mean, 2.0). They were evaluated as excellent in 28 feet, good in 34, fair in two, and poor in three. There was significant correlation between lower age and better functional results (ρ = .280, p = .0227). The scores did not correlate with sex, injured side, cause of fracture, type of fracture (closed or open), complications (other fractures) at the time of injury, postoperative complications (mild nerve or tendon irritation), use of plate fixation, the period from the injury to operation, the period from the initial surgery to removal of the implants, or length of follow-up.
Plain Radiographs
Fracture types according to Essex-Lopresti's classification 8 consisted of tongue type in 29 cases, joint depression type in 33, and a comminution type that could not be classified by Essex-Lopresti's classification due to its severe comminution in five. The mean follow-up score of tongue type was 1.83, mean of joint depression type was 1.94, and mean of comminution type was 3.60. Fracture types did not correlate with the functional outcomes. 
CT
According to Sanders' classification, 28 48 cases were classified into type II, 16 into type III, and three into type IV (26 cases were classified as type IIA, 16 as type IIB, six as type IIC, eight as type IIIAB, five as type IIIAC, three as type IIIBC, and three as type IV). Mean followup score of type II was 1.88, type III was 2.00, and type IV was 4.33. Lower Sanders' grade correlated positively with better functional results (ρ = .242, p = .0497).
The mean height of the fractured region before surgery was 88.6% of the healthy side and 94.8% after removal of the implants. The mean width of the fractured region before surgery was 137.9% of the healthy side and 114.0% after removal of the implants. The mean length of the fractured region was 99.7% of the healthy side and 100.2% after removal of the implants. Increased height of the fractured region before surgery correlated positively with better functional results (ρ = −.276, p = .0249). Other factors did not correlate with the functional outcomes.
Medial wall displacement was observed in 52 feet before surgery, and lateral wall comminution was observed in 53 feet. Fracture of the calcaneocuboid joint was observed in 51 feet. There were no significant differences between the functional result and these factors.
After removal of the implants, the reduction of the posterior facet was evaluated as excellent in 14 feet, good in 45, fair in six, and poor in two ( Table 1) . The reduction of the medial wall was evaluated as good in 47 feet, fair in 17, and poor in three. The reduction of the lateral wall was evaluated as good in 50 feet, fair in 12, and poor in five. The reduction of the calcaneocuboid joint was evaluated as good in 44 feet, fair in 21, and poor in two. Statistically, better reduction of the posterior facet (ρ = .307, p = .0126) and better reduction of the calcaneocuboid joint (ρ = .375, p = .0023) correlated positively with better functional results (Table 3 ).
DISCUSSION
The optimal treatment of intra-articular fractures of the calcaneus remains elusive. 3 -5,7,10,17 -20,22 -27,34 -36 As in other intra-articular fractures, we have performed open reduction for calcaneal fractures with considerable attention to the reduction of the joint surface. 12 -15,29 -31 Among the 67 patients evaluated in this study, the reduction of the posterior facet remained in anatomically good to excellent positions after removal of the implants in the 59 patients (88.1%). Only one of the 59 patients complained of pain during walking. We believe that no skin trouble occurred with early range of motion because our incision is small and subcutaneous tissue is not divided. However, there were two patients who showed fair and poor functional results, despite apparently favorable reduction of the posterior facet.
Various factors that might influence the clinical results of calcaneal fractures have been reported. 4, 7, 16, 18, 21, 23, 28, 34, 36 Some studies have evaluated prognostic factors using plain radiographs, 16, 18, 21, 23, 32 other studies have used CT classification, 4, 23, 28, 33, 34 and one study used the patient's social background. 36 Because of the lack of a universally accepted scoring system, many criteria have been used in evaluation of calcaneal fracture management. 9, 11 Although this situation needs to be rectified, to do such analyses would greatly exceed the scope of the current study. We used Laasonen's criteria in the current study. This system is simple, standardized, and includes three important factors of functional outcomes: subtalar movement, pain, and working disability.
The Böhler angle comprises multiple factors: anterior lateral wall, posterior facet, and posterior tuber displacement. Any abnormalities in these factors affect the Böhler angle. Although the Böhler angle on radiographs provides useful information on the position of fragments of the posterior portion at time of injury, CT images the other factors in detail. The current analysis did not find a significant correlation between the Böhler angle after reduction and functional outcome. This might be because the Böhler angle does not reference any articular surface.
Six of 34 factors were found to be directly associated with the functional results of open reduction for calcaneal fractures. At the time of injury, there are four primary signs: one social sign is patient age, one plain radiographic sign is Böhler's angle at the time of injury, and two CT signs are Sanders' classification and the height of the fractured regions. After removal of implants, there are two late CT signs: the reduction of the posterior facet and the calcaneocuboid joint.
Age might be reflected in the quality of the bone, as in osteoporosis. It is difficult to maintain reduction in osteoporotic bone. 6 Bone mineral density was not measured, which is a limitation of the current study, as is the small sample size. In addition, many patients who are older following any injury, even without fracture, have a slower or poor recovery overall. Böhler's angle at the time of injury, Sanders' classification, and the height of the fractured regions on CT might indicate severity of the injury. 21, 28 Of the six factors analyzed in the current study which were associated with prognosis, only two (reduction of the posterior facet and the calcaneocuboid joint) could be addressed by surgical intervention. Testing and establishing the importance of restoration of the joint surface via precise anatomical reduction of the posterior facet and the calcaneocuboid joint will require more extensive prospective studies.
